Nitrogen doping was applied to enhance the velocity of amorphous-crystalline phase transformation. The nitrogen doping was able to produce tiny nitride precipitates uniformly distributed in the recording layer and provided numerous preferential sites for amorphous-crystalline transition. At the doping condition of N 2 /Ar ratio = 3%, the recrystallization velocity of GeInSbTe phase change recording media was increased up to 1.6 times without severely damaging the signal jitter values.
INTRODUCTION
The development of optical recording media using phase change materials always pursues large storage capacity and high data transfer rate. The phase change recording materials with higher amorphous-crystalline transition speed are hence required. Recently the eutectic Sb-Te system, or called the fast-growth phase change alloy, has drawn a lot of attentions since it possesses good signal properties and high recrystallization speed when employing short wavelength laser and pickup head with high numerical aperture (NA) lens. The eutectic Sb-Te system is termed as the fast-growth material since its recrystallization is initiated from the crystalline-amorphous interface and the amorphous mark shrinks as the grain growth propagates toward the center of the mark (1) (2) (3) (4) , as illustrated in Fig. 1(a) . In this work, we doped nitrogen in the eutectic GeInSbTe recording layer of the optical disks and investigated their signal properties and data transfer rate by using dynamic test. Transmission electron microscopy (TEM) was utilized to examine the microstructure change induced by nitrogen doping and its effects on the data transfer rate and/or recrystallization speed were discussed. Figure 1(b) illustrates the model applied to enhance the velocity of phase transformation. Nitrogen doping generates numerous nanometer-scale precipitates uniformly distributed in the recording layer. They provide the preferential sites for amorphous-crystalline transition so that the edge of marks is not the only site to initiate the recrystallization of recording media. The tiny precipitates not only induce the heterogeneous nucleation, they also shorten the distance of grain growth required to complete the transition. Hence the velocity of amorphous-crystalline transition is increased. Figure 2 depicts the multilayer structure of the optical disk prepared in this work for dynamic test. The disk samples were prepared using a SFI sputtering system with background pressure better than 1×10 −6 torr. The multilayer structure was deposited on 0.6-mm-thick polycarbonate (PC) substrate in the sequence of ZnS-SiO 2 (55 nm)/GIST-(N) x (16 nm)/ZnS-SiO 2 (11 nm)/Al-Cr (133 nm). During the deposition of recording layer, the N 2 /Ar flow ratio was adjusted at values of 0%, 0.5%, 1%, 3%, 5%, and 10% respectively in order to obtain the doped specimens with various nitrogen contents. The sputtering conditions and designated sample numbers are listed in Table 1 . After initialized at the condition of 1000 mW laser power, 50 µm per revolution and 2.0 m/sec linear velocity, the disk were sent to a dynamic tester (DDU1000, PULSTEC Co.) having a pickup head with 650 nm laser diode and a 0.6-NA objective lens to evaluate their signal properties. At the beginning of dynamic test, the disks were written at various laser power (7 to 15 mW) with fixed erasing power (P e = 6 mW) and reading power (P r = 0.7 mW) under various linear velocities in order to identify the appropriate writing power (P w ). Then the track recorded with 8T signals was erased by irradiating a DC laser beam with various laser power (3 to 7 mW) at a linear velocity same as that for recording. The carrier-to-noise ratio (CNR) was measured before and after the erasing process to determine the attenuation of 8T signal carrier and the value of the attenuation of 8T signal carrier is defined as DC erasability.
THE MODEL OF RECRYSTALLIZATION PROCESS

EXPERIMENTAL
The method report by Chen et al. (5, 6 ) was adopted to prepare the plan-view TEM (PTEM) specimens. After removing the PC substrate, the disk sample was cut into small pieces using a scissor. A 3M tape was applied on the disk to peel off the Al-Cr reflection layer. After dissolution of the PC substrate by CH 2 Cl 2 solution, the specimen was
Laser beam
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RESULTS AND DISCUSSION
(1) DC erasability: Table 2 shows the DC erasability of 8T signals as a function of linear velocity and/or data transfer rate of the optical disks doped at various N 2 /Ar ratios. The outputs of DC laser power were adjusted so that the DC erasability at each linear velocity reached the maximum. As we known, the DC erasability higher than 25 dB is required for direct overwriting (DOW) of optical disks. From the results of DC erasability test shown in Table 2 , the doping-free disk sample just passes the test requirement at the linear velocity below 5.3 m/sec. However, the nitrogen-doped samples, for instance, the N030 sample successfully passes the DC erasability test requirement at the linear velocity of 8.8 m/sec. It means that the recrystallization speed of N030 sample was about 1.6 times higher than that of the sample free of nitrogen. Apparently, suitable amount of nitrogen doping benefited the data transfer rate and/or recrystallization speed of Ge-In-Sb-Te phase change optical disks. (2) Jitter values: Figure 3 shows the jitter values of N000 and N030 disk samples. It was found that the jitter values of both samples are quite similar at the same number of DOW cycles. This implies that a relatively small amount of nitrogen doping would not deteriorate signal properties of disks.
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Number of DOW cycles were hardly observed. The eutectic GIST alloy is termed as the fast-growth material since its recrystallization is initiated from the crystalline-amorphous interface and the amorphous mark shrinks as the grain growth propagates toward the center of the mark, as illustrated in Fig. 1(a) . The velocity of grain growth derived from the net jump frequency of atoms across the amorphous-crystallization interface can be expressed as
where V 0 is a pre-exponential factor, E a is the activation energy of amorphous-to-crystalline phase transition, ∆g ac is the free energy difference between an atom in the amorphous state and in the crystalline state, R is the gas constant and ∆T is the temperature difference between the interface temperature and the glass transition temperature. From Eq. (1), it is known that low E a value benefited amorphous-to-crystalline phase transition, but it seemed deviation for our experiment since we measured five different crystallization temperatures at different heating rates (5, 10, 20, 40 and 80 °C/min) using differential scanning calorimetry (DSC, Dupont 2000 Series) to fit into the Kissinger plot (8, 9) shown in Eq. (2) to calculate the activation energy for crystallization. The Kissinger equation is
where α is a heating rate, T P is the crystallization temperature, E a is the activation energy for phase transformation, R is the Boltzamann constant and C is a constant. A plot of ln(α/T p 2 ) versus 1/T p yields a straight line, as shown in Fig. 5 and the activation energy of amorphous-to-crystalline transformation can be calculated. The activation energies of nucleation for N000, N005, N010 and N030 were 2.462 eV, 2.521 eV, 2.642 eV and 1.686 eV, respectively, as shown in Fig. 6 . In according to the recrystallization model shown in Fig. 1(b) , nitrogen doping might generate numerous nanometer-scale precipitates uniformly distributed in the GIST recording layer. In addition to the amorphous-crystalline edge of marks, they were also the preferential sites for amorphous-crystalline transition of recording media. The tiny precipitates not only induce the heterogeneous nucleation, they also shorten the distance of grain growth required to complete the transition.
CONCLUSIONS
We demonstrated that the nitrogen doping is a promising method to enhance the recrystallization speed and/or data transfer rate of GeInSbTe phase change recording media. The nitrogen doping might produce tiny nitride precipitates uniformly distributed in the recording layer and provide numerous preferential sites for amorphous-crystalline transition. This not only promotes the heterogeneous nucleation, but also shortens the distance of grain growth required to complete the transition. Our experiment found that at the doping N 2 /Ar ratio = 3%, the recrystallization velocity of GeInSbTe phase change recording media was increased up to 1.6 times without severely damaging the signal jitter values. 
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